There was rapid efflux of L-leucine, L-phenylalanine, and a-methyl-D-glucoside after infection of Salmonella typhimurium with the clear plaque mutant C, of phage P22. The efflux was similar to that observed with cyanide or arsenate treatment except that there was partial recovery in the case of phage infection and almost complete recovery under the condition'of lysogeny. There was no efflux after infection with the temperature-sensitive mutant ts16C, at nonpermissive temperature. Superinfection of superinfection exclusion-negative lysogen (sie A-sie B-) with C, led to efflux, whereas the efflux was much less on superinfection of sie A+ sie B+ lysogen. These results indicate that an effective injection process is enough to cause depression in the cellular transport processes.
The transient depression in macromolecular synthesis in Salmonella typhimurium after infection with bacteriophage P22 (3) was found to be due to temporary inhibition of the transport of precursors of macromolecules across the membrane of the host (15) . The rate of macromolecular synthesis drops down temporarily due to the need for precursor molecules, which have to be transported in from the medium.
It is well known that there is usually efflux of solute molecules from the pool of host bacterium immediately after infection (2, 13, 14, 17, 21) . This is thought to be due to leakage as a result of physical damage to the membrane of the host which is, however, repaired subsequently, allowing no further leakage of materials during phage multipication. The "sealing" is most probably a host-gene-mediated process (17, 21) . The question may be raised as to whether the inhibition of transport in S. typhimurium after P22 infection represents mere "leakage" of materials from the pool and the recovery of transport indicates the sealing. Therefore transport across the membrane of noninfected and infected S. typhimurium was studied. It is well known that there are numerous transport systems responsible for the active transport of various solutes, the energy requirements of which also vary widely (8, 12) . In the present studies an analogue of glucose, a-methyl-D-glucoside, and two amino acids, Lphenylalanine and L-leucine, were chosen. ' Bacterial and phage strains. S. typhimurium LT2 (strain 18) and its two lysogens, superinfection exclusion positive (sie A+ sie B+) and superinfection exclusion negative (sie A-sie B-), were obtained from M. Levine (University of Michigan, Ann Arbor, Mich.). The superinfecting phage does not multiply, in either of the two types of lysogen (sie A+ sie B+ and sie A-sie B-). But when the prophage is induced to multiply, the superinfecting phage also multiplies in sie A-sie B-lysogen, whereas in sie A+ sie B+ lysogen only the progphage multiplies and the superinfecting phage is excluded.
Wild-type phage P22 (C+), its clear plaque-forming mutant Cl, and temperature-sensitive mutant ts16 (previously known as ts25) were also kindly supplied by M. Levine For the measurement of amino acid transport, the cells were harvested and washed as described above and then starved for carbon and nitrogen at 25 C for 90 min. Subsequently they were equilibrated at 37 C for 10 min and treated with chloramphenicol (final concentration, 50 ug/ml) for 10 min. L-[14C ]leucine (10 nmol, 3 x 10' counts/min) or L-["4C ]phenylalanine (12 nmol, 3 x 10' counts/min) was added per milliliter of cell suspension. Samples (1 ml) were filtered at desired times through membrane filters followed by immediate washing of each with 5 ml of mineral base medium equilibrated at the temperature at which the experiment was carried out. The whole process took about 5 to 6 s. Under the above conditions, a negligible amount of radioactivity was found to be present in the trichloroacetic acid-insoluble fraction. As in the earlier case, the counts were corrected for zero minute blank reaction. phenylalanine into noninfected and C,-infected rells of S. typhimurium. The cells were treated as described and divided into two batches; one batch was infected at 0 min with C, at a multiplicity of infection of 10, whereas the other batch was kept as a noninfected control. Labeled compounds were added at zero time. In the case of infected cells, the phage was added along with the labeled compound. Subsequent steps were as described. Symbols: 0, noninfected; 0, infected.
RESULTS

Kinetics
whereas in the case of the two amino acids the time required to obtain maximum uptake is about 5 min (Fig. 1B and C) . C, infection leads to different effects on the transport of a-methylglucoside and amino acids. In phage-infected S. typhimurium the rate of net influx (which is a balance between influx and efflux) of a-methylglucoside starts to slow down within about 2 to 3 min after infection, and the maximum uptake (attained within about 10 min, as in the case of noninfected cells) is significantly lower than that in the noninfected cells. An entirely different situation is, however, observed in the case of the transport of the amino acids. About 2 to 3 min after the addition of leucine or phenylalanine to the infected cells, there seems to be a net efflux of the amino acids already transported in. In the case of leucine, the rate of net efflux seems to be very fast, and there is a tendency toward recovery after 5 min. With phenylalanine, however, although a similar picture is obtained, the rate of net efflux is somewhat slower than that of leucine, and a significant amount of the transported material remains within the cell. In this case as well there is a tendency toward the recovery of transport. These results clearly indicate that transport of all the three substrates used in this study is affected after phage infection which therefore appears to be a general phenomenon.
Comparison of the effects of C, infection and cyanide and arsenate treatments on transport. In these experiments transport was allowed to take place in the noninfected cells, and the phage was added after the attainment of equilibrium. For comparative purposes, cyanide and arsenate treatments were also carried out. Cyanide is known to be a powerful inhibitor of respiration and an agent widely used to prevent the multiplication of phage after infection. It has also been shown to cause efflux of 42K (9, 17) . A concentration of 2 x 10-3 M was chosen for cyanide treatment. Klein Fig. 1 except that noninfected cells were allowed to incorporate a-methyl-[14Cjglucoside for 10 min. At 10 min the cells were divided into two batches, and to one batch C1 was added immediately at multiplicity of infection of 10, whereas the other batch was kept as a noninfected control. At indicated times 1 ml of cell suspension was passed through a membrane filter, and the remaining procedure was the same as in the legend to Fig. 1. (B (Fig. 2B and C) although the effect is much more prominent in the case of arsenate treatment. An interesting difference, however, is observed between these two treatments and infection with C. There is a tend, ency toward partial recovery of the transport process about 10 min after phage infection ( Fig.  2A) . It has already been demonstrated in our laboratory (3) that although there is no transient depression of protein synthesis after infection with this mutant at nonpermissive temperatures, there is some depression in the rate of RNA synthesis under the same condition. Further, it has now been agreed upon that effective injection process requires the function of gene 16. To test whether effective injection of phage DNA is necessary to induce efflux, the following experiment with ts16 was carried out. The cells were infected with this mutant at nonpermissive temperature, and the efflux of an amino acid across the membrane of the host was followed. The results presented in Fig. 4 clearly point out that there is no efflux (on the other hand, there is somewhat more influx) MG178, or L. The B system, on the other hand, acts only on the heteroimmune phages. The two exclusion systems act independently. There is no transient depression of macromolecular synthesis after infection of sie+ (actually sie A+ sie B+) lysogen with Cl, whereas this depression is observed in superinfection of sie-(sie A-sie B-) lysogen (3) and was found to be due to transient block in the transport of precursors of macromolecules (15) . Due to the present observation that there is efflux of transported solutes after phage infection, the effects of superinfection of both sie A+ sie B+ and sie A-sie Blysogens with C, were studied. There was comparatively rapid efflux of transported L-leucine from sie A-sie B-lysogen immediately after a . . , .
infection with C, (Fig. 5A) 16 (Levine, personal communication) .
Further, Ebel-Tsipis and Botstein (6) suggested that in superinfection of a sie+ lysogen the superinfection exclusion system acts upon the superinfecting DNA as it is being injected from a phage particle. Recently, Susskind et al. (18) confirmed that the A exclusion system blocks the entry of superinfecting phage DNA. Thus, in both cases the infecting DNA experiences interference while entering into the cellular interior. Our earlier observations on the change in the cellular transport processes (15) as well as the present observations also support the hypothesis that the exclsuion system is located in or near the cell membrane. Thus an effective injection process seems to be essential to induce change in cellular transport. Although the phage gene expression seems not to be necessary for this, recent observations in this laboratory (unpublished data) indicate that a preformed phage protein (internal protein) is involved in the recovery of the cellular transport process.
